Asian women was higher than that of Pacific Islander women, and the mean SF level of Pacific Islander men was significantly higher than that of white men. These differences remained significant after adjusting for self-reported history of diabetes or liver disease. Additional information for selected participants suggested that these differences are largely unrelated to mean corpuscular volume less than 80 fL, body mass index, or self-reported alcohol intake. Available liver biopsy and phlebotomy data indicated that iron overload is probably uncommon in Asian participants.
Conclusion:
Higher TS and SF levels in persons of Asian or Pacific Island heritage may need to be interpreted differently than for whites, although the biological basis and clinical significance of higher levels among Asians and Pacific Islanders are unclear. Med. 2007; 167:722-726 A N ANALYSIS OF SCREENING data from the primary care-based Hemochromatosis and Iron Overload Screening (HEIRS) Study conducted in the United States and Canada showed that participants of Asian or Pacific Island heritage had elevated transferrin saturation (TS) and/or serum ferritin (SF) levels more often compared with other race/ethnic groups. 1 The present study examines these differences further by comparing mean TS and SF levels of Asian, Pacific Islander, or white participants. We included only participants without HFE C282Y or H63D alleles to minimize the effect of common mutations of the hemochromatosis gene HFE.
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METHODS
Each institution's institutional review board approved this study. Eligible participants included persons 25 years or older able to give informed consent.
HEIRS STUDY DESCRIPTION
The HEIRS Study's target population was primary care patients. Participants completed a questionnaire that included race and Hispanic/ Latino heritage and gave blood specimens collected without respect to fasting status. Participants with elevated TS and SF levels or homozygosity for HFE C282Y (cases) were invited to participate in a limited clinical examination. For individuals with persistently elevated SF levels, information on therapeutic phlebotomy and liver biopsies that were performed as part of clinical care was collected. A comparison group of individuals who had TS and SF levels within the mid-50th percentile of sexspecific TS and SF distributions and neither an HFE C282Y nor H63D allele (controls) were invited to participate in the same examination. Details about study design, recruitment, data collection, and laboratory methods are available elsewhere. 2 A list of HEIRS Study institutions appears in a box at the end of this article.
Author Affiliations are listed at the end of this article. 
STUDY POPULATION
STATISTICAL ANALYSES
Multiple linear regression analyses assessed differences in mean TS and SF levels among Asians, Pacific Islanders, and whites. A natural log (ln) transformation was applied to SF levels. We stratified by sex, included age and field center as covariates to account for potential confounding, and included an interaction term for field center and race/ethnicity to allow for variation among field centers. We present observed means and standard deviations and least square means based on regression models. Additional models included self-reported diabetes or liver disease to assess whether differences in their prevalences could account for racial/ethnic differences in mean TS or SF level.
Descriptive statistics were used to examine mean corpuscular volume (MCV), body mass index (BMI) (calculated as weight in kilograms divided by height in meters squared), and alcohol intake. Pearson correlations of SF level with BMI and alcohol intake were calculated. Survival analysis was used to estimate the median amount of iron removed by therapeutic phlebotomy.
RESULTS
TRANSFERRIN SATURATION
Asians had the highest mean TS level, which differed significantly from the mean TS levels in Pacific Islander and white women and in white men (Table) , even after adjusting for history of diabetes and liver disease. The differences were small. Asian men and women had significantly higher mean TS levels compared with Pacific Islander and white men and women at field centers with larger numbers of Asians and Pacific Islanders (Kaiser Permanente and University of California, Irvine) (PϽ.001 for all comparisons, except PϽ.02 for Asians compared with Pacific Islanders at University of California, Irvine). Asians differed significantly from whites at the London Health Sciences Centre (PϽ.001).
SERUM FERRITIN
Among men, Asians and Pacific Islanders had higher mean SF levels compared with whites (Table) . Among women, there was a significant difference between Asians and whites. Some of these differences were relatively large, and significant differences remained after adjusting for history of diabetes and liver disease. Asian and Pacific Islander men and women had significantly higher mean SF levels compared with white men and women at the 2 field centers with larger numbers of Asians and Pacific Islanders (PϽ.001). Asians differed significantly from whites at the London Health Sciences Centre (PϽ.001).
MEAN CORPUSCULAR VOLUME
Among cases, Asians more often had an MCV less than 80 fL compared with whites (7.6% vs 1.5% for women and 6.1% vs 1.8% for men). No Pacific Islander cases or controls had an MCV less than 80 fL. Asians with an MCV less than 80 fL had higher mean screening SF levels compared with other Asians. However, 9% of Asian female controls had an MCV less than 80 fL, which is similar to that among female cases. No Asian male controls had an MCV less than 80 fL.
ALCOHOL INTAKE AND BMI
Among cases, Asian men and women had a lower mean BMI (25 and 24, respectively) compared with their white *In addition to race/ethnicity, analytic models included age, field center, and field center by race/ethnicity interaction; adjusted mean is a least squares mean. Analyses for SF were performed using natural log (ln) SF.
†TS: Asians differed significantly from Pacific Islanders and whites (P = .002 and PϽ.001, respectively). SF: Asians differed significantly from whites (PϽ.001).
‡TS: Asians differed significantly from whites (PϽ.001). SF: Asians and Pacific Islanders differed significantly from whites (PϽ.001 for both).
(28 and 29, respectively) and Pacific Islander (31 and 31, respectively) counterparts. The same pattern was observed for controls. Body mass index was not correlated with SF levels in any group.
Asians and Pacific Islanders had lower mean alcohol intake compared with whites, stratified by sex and casecontrol status. The correlation between screening SF level and alcohol intake was statistically significant only for Pacific Islander male cases and Pacific Islander female controls (PϽ.05).
THERAPEUTIC PHLEBOTOMY
The median amount of iron removed was 1.86 g for 26 Asians and 1.66 g for 7 whites, which was not significantly different. One Pacific Islander received phlebotomy treatment but did not achieve iron depletion.
COMMENT
Iron overload can cause serious health problems through parenchymal damage to organs, 3 but primary iron overload appears to be rare in Asian populations. 4, 5 Asians and Pacific Islanders, however, may have persistently higher TS or SF levels compared with whites, affecting interpretation of screening results. In a retrospective study of 65 Southeast Asian patients referred to subspecialists for evaluation of hyperferritinemia, 32 had identifiable secondary causes, 4 had clinical or biopsy-proven iron overload, and 29 had isolated hyperferritinemia. 6 The limited information about screening for iron overload among Asians or Pacific Islanders includes reports that Asian men had elevated TS values as often as whites 7 and that mean TS levels of Asian men and women were similar to those of whites. 8 Individuals visiting a health promotion center in Seoul, Korea, had higher mean TS levels than the levels reported for similarly selected Australian and African American populations, 9 consistent with previous and the present HEIRS Study findings. 1 Among participants who do not have an HFE C282Y or H63D allele, Asians had higher mean TS and SF levels compared with whites; Asian women had a significantly higher mean TS level compared with Pacific Islanders, and Pacific Island men had a significantly higher mean SF level compared with whites. These differences were especially pronounced for SF. Differences were not explained by the effects of age, field center, or prevalence of selfreported history of diabetes or liver disease. Consistency across field centers suggests that these results are relevant to people of Chinese, Filipino, Japanese, and Vietnamese heritage living in North America.
Possible interpretations include the higher frequency of comorbidities or risk factors for elevated SF levels or iron overload among people of Asian or Pacific Island heritage and higher "normal" values for TS and SF levels in Asian populations and SF level in Pacific Island populations. Liver disorders can cause elevated SF concentrations, are common, and have different prevalences in Asians, whites, and Pacific Islanders. [10] [11] [12] [13] [14] [15] [16] Selfreported diabetes and liver disease did not account for observed racial/ethnic differences in mean TS and SF levels, but self-reported diagnoses do not include undiagnosed liver disease and diabetes. Thus, we cannot completely account for possible differences in the prevalence of underlying disease among racial/ethnic groups. Among those participating in a follow-up examination, we found no consistent evidence that differences in SF levels among racial/ethnic groups can be explained by BMI or alcohol intake. Some inherited hemoglobin disorders are associated with iron loading and have different prevalences in various racial/ethnic groups. 17, 18 We examined MCV less than 80 fL (as a surrogate indicator of thalassemia trait) in participants who completed a follow-up examination. Asian men with an MCV less than 80 fL had a higher mean SF level compared with Asian men with higher MCV values. A higher prevalence of thalassemia trait may partly explain higher mean SF levels in Asian men.
There was little evidence of significant iron overload among Asians as assessed by quantitative phlebotomy. Among 8 Asian participants who had liver iron concentrations measured in liver biopsy specimens, 3 had increased liver iron concentrations (reference range, 0-36 µmol/g). 19 These observations indicate that there are innate biological differences in TS and SF levels across racial/ ethnic groups and that TS and SF levels in persons of Asian or Pacific Island heritage must be interpreted differently than those in whites. Race/ethnicity-specific reference ranges for TS and SF levels and more studies to identify a possible genetic basis for higher TS and SF levels among Asians and Pacific Islanders are needed. 
